INTRODUCTION
Recently, several methods have been given (see [ 1, 4, 5, 8] ) for constructing the solution of the exterior Dirichlet problem for the Helmholtz equation in both two and three dimensions. In [8] , Kleinman obtains the solution to the scattering problem explicitly in terms of the Green's function for the corresponding potential problem. In [ 11, by using a subsidiary condition obtained from the Helmholtz integral representation, Ahner reformulates the problem as a boundary integral equation and shows that it can be solved by iteration. In this approach it is necessary to compute the first eigenfunction of the integral equation associated with the problem. In 141, Colton and Kleinman consider both the direct and inverse scattering problem in two dimensions. Their results are based on the use of conformal mapping techniques (for the case of the inverse scattering problem) and the fact that the integral, over the boundary of the obstacle, of the normal derivative of the solution to Laplace's equation satisfying a boundedness condition at infinity, vanishes. Instead of using the free space Green's function as the kernel function, Colton and Kress [5] choose a kernel which in the limiting case k = 0 becomes the Green's function for Laplace's equation in three 46 JOHNF.AHNER dimensions in the exterior of some ball which is contained in the interior of the scatterer. Their work also has applications to both the direct and inverse scattering problem.
In this paper another method is given for solving the exterior Dirichlet scattering problem in three dimensions. The method here is based on the work of Colton and Kleinman [4] . Their method, as indicated earlier, makes excellent use of a certain property of the solution to the potential problem in the plane. Unfortunately, there is no result analogous to this in three dimensions. Nonetheless, motivated by their work, a direct extension is made here of their results to the three-dimensional case. The resulting integral equation, however, involves the same eigenfunction which appeared in [I]; consequently, the present method is domain dependent.
Besides introducing to the literature another constructive method for solving the Dirichlet scattering problem in three dimensions, it is hoped that the present note will serve to demonstrate a connection between the work in [ I] and that in [4] which otherwise might go unnoticed.
In the next section the solution to the exterior Dirichlet problem for Laplace's equation in three dimensions is considered. There the problem is reformulated as an integral equation, which parallels a similar integral equation in [4] for the corresponding two-dimensional case. It is shown that this integral equation can be solved by iteration. In Section 3, the exterior Dirichlet scattering problem is considered and it is shown that the solution can also be found by iteration, provided the wave number k is sufficiently small. In both Sections 2 and 3 comparisons are made between the present method and the results in [ 1, 4] . In the last section one potential and one scattering problem are solved by using the results in Sections 2 and 3, respectively.
CONSTRUCTING THE SOLUTION TO THE EXTERIOR DIRICHLET PROBLEM FOR LAPLACE'S EQUATION
Let Vi be a bounded domain in R3 containing the origin, with a closed, simply connected C2 boundary S and let V, denote the region exterior to vi. Let e denote the outward unit normal to S; let x denote a typical point in R3 and let r = 1x1. Consider the exterior Dirichlet problem for Laplace's equation q-)(x) = u;(x) + u; (x) in R3\Vi, (2. la) 
Using boundary condition (2.lb), it follows from (2.2) and (2.3) that XE vi,
Taking the normal derivative as the field point x approaches S from the exterior region we obtain co(x) = 2u;(x) -K,* u,Jx). Let the constant p be defined by P= (u,, I>= (u;, l), (2.8) where the last equality can be established by using Green's second identity to verify that (~6, 1) = 0. (In fact this last result is essential in order that a solution to (2.5) exist.) Motivated by the work of Colton and Kleinman [4] we obtain from (2.5) and (2.8) the following integral equation for vO(x):
1.
-
.It should be noted that integral equation (2.9) is analogous to integral equations (2.6) and (2.9) in [4] . Letting C(S) denote the Banach space of continuous complex valued functions defined on S and equipped with the sup norm, the following result may be proven: That L, is a compact operator from C(S) into C(S) follows from the analogous property for the operator Kz (see [ 12] ), and since the argument used to show u(L,) c (-1, 1) is the same here as used in [4, Theorem I], we shall omit the proof. It follows that integral equation (2.9) may be solved iteratively. Thus we need only determine the constant /I.
In two dimensions it is known (e.g., see [ 14, p. 6091 ) that the integral over the boundary of the normal derivative of the solution to Laplace's equation in the exterior region must vanish. This observation was crucial in the work of Colton and Kleinman [4] . There is no analogous condition for the solvability of the exterior Neumann problem in three-dimensional space. For this reason, it is perhaps not surprising that, unlike the two-dimensional case. .fs Wv)Pn ds, is domain dependent and as we shall show it also depends upon the nature of U: on the surface as well.
Let &(x) be the solution to Assume that <,, has been normalized so that the constant appearing on the right-hand side of (2.11) is one. From We next show that for sufficiently small k, integral equation (3.9) can be solved by iteration. From the definitions of L, and L, and using (3.6) and (3.7) it can be shown that IIL, -Loll = O(k). There is a difference between the derivation of integral equation (3.9) and analogous integral equation (2.23) in [4] for the corresponding scattering problem in two-dimensional space. To illustrate this point, let us proceed as in [4] . In (3.2) set x = 0 E Vi and then multiply the resulting equation by a(a/~n,)(eik'"'/lxl), where a is at the moment an arbitrary constant; we obtain Unfortunately, there is no proper choice for the parameter a, for which the operator A4: -L, will vanish for all u E C(S).
EXAMPLES
We now provide some explicit examples of the iteration procedures developed in the previous sections. Consider the problem in (2.1), where S is a sphere of radius a and z&x) = l/lx -xe(, x, E v,. Hence, for k sufficiently small, it is seen that the desired inequality is valid. AND 
